LIGHT-EMITTING DEVICE, DISPLAY UNIT AND LIGHTING UNIT 



BACKGROUND OF THE INVENTION 

5 The present invention relates to a light-emitting device, a display unit and 

a lighting unit. 

A reflective liquid crystal display unit, a transmissive liquid crystal display 
unit and a semi-transmissive liquid crystal display unit have been previously 

10 proposed (e.g. Japanese Unexamined Patent Publication No. 10-78582). In the 
transmissive liquid crystal display unit and the semi-transmissive liquid crystal 
display unit, an organic electroluminescent, hereinafter "EL", device has been 
utilized as a backlight (a light source). The modification of the backlight also has 
been previously proposed [e.g. Jiro Yamada, Takashi Hirano, Yuichi Iwase, and 

15 Tatsuya Sasaoka, "Micro Cavity Structures for Full Color AM-OLED Displays", 
The Ninth International Workshop on Active-Matrix Liquid-Crystal Displays-TFT 
Technologies and Related Materials- (AM-LCD '02) Digest of Technical Papers, 
sponsored by the Japan Society of Applied Physics, July 10, 2002, p.77-80]. 
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SUMARRY OF THE INVENTION 

The present invention provides a light-emitting device, a display unit and 
a lighting unit that amplify the lights with a plurality of predetermined colors 
5 emitted from a light source body by optical resonance and can take out the 
amplified lights. 

In accordance with the present invention, a light-emitting device includes 
a light source body and a plurality of resonant layers. The light source body 
10 generates light. Each of the plurality of resonant layers resonates the light with a 
predetermined wavelength. Each of the wavelengths of the light resonated by the 
resonant layers is different from at least one of the other wavelengths of the light 
resonated by the resonant layers. 

15 The present invention also provides a display unit including a liquid 

crystal display panel and a light-emitting device. The light-emitting device is 
arranged adjacent to the back side of the liquid crystal display panel so as to 
serve as a backlight. The light-emitting device includes a light source body 
generating light and a plurality of resonant layers. Each of the plurality of resonant 

20 layers resonates the light with a predetermined wavelength. Each of the 
wavelengths of the light resonated by the resonant layers is different from at least 
one of the other wavelengths of the light resonated by the resonant layers. 
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The present invention also provides a lighting unit including a 
light-emitting device as a light source. The light-emitting device includes a light 
source body generating light and a plurality of resonant layers. Each of the 
5 plurality of resonant layers resonates the light with a predetermined wavelength. 
Each of the wavelengths of the light resonated by the resonant layers is different 
from at least one of the other wavelengths of the light resonated by the resonant 
layers. 

10 BRIEF DISCRETION OF THE DRAWINGS 

The features of the present invention that are believed to be novel are set 
forth with particularity in the appended claims. The invention together with objects 
and advantages thereof, may best be understood by reference to the following 
15 description of the presently preferred embodiments together with the 
accompanying drawings in which: 

FIG. 1 is a cross-sectional view of a liquid crystal display unit according to 
a first preferred embodiment of the present invention; 

20 

FIG. 2 is a partially enlarged cross-sectional view of a backlight according 
to the first preferred embodiment of the present invention; 
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FIG. 3 shows the spectrums of light emitted from an organic EL layer and 
right going out from the backlight according to the first preferred embodiment of 
the present invention; 

5 

FIG. 4 is a partially enlarged cross-sectional view of a backlight according 
to a first alternative preferred embodiment of the present invention; 

FIG. 5 is a partially enlarged cross-sectional view of a backlight according 
10 to a third alternative preferred embodiment of the present invention; 

FIG. 6 is a partially enlarged cross-sectional view of a backlight according 
to a fourth alternative preferred embodiment of the present invention; 

15 FIG. 7 is a partially enlarged cross-sectional view of a backlight according 

to a sixth alternative preferred embodiment of the present invention; 

FIG. 8 is a partially enlarged cross-sectional view of a liquid crystal 
display unit according to an eighth alternative preferred embodiment of the 
20 present invention; 

FIG. 9 is a cross-sectional view of a liquid crystal display unit of a tenth 
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alternative preferred embodiment; 

FIG. 1 0A is a cross-sectional view of an optical resonator of a fourteenth 
alternative preferred embodiment; and 

5 

FIG. 1 0B is a cross-sectional view of the optical resonators of a 
fourteenth alternative preferred embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

Now, a preferred embodiment of the present invention will be described 
by referring to FIGs. 1 through 4. The present invention is applied to a liquid 
crystal display unit that employs a passive matrix mode. FIG. 1 is a 
cross-sectional view of a liquid crystal display unit. FIG. 2 is a partially enlarged 
15 cross-sectional view of a backlight. In FIGs. 1 and 2, the ratio of the thickness of 
each member is not accurate in order to illustrate clearly. 

As shown in FIG. 1 , a liquid crystal display unit 11 or a display unit has a 
liquid crystal panel 12 or a transmissive liquid crystal display that employs a 
20 passive matrix mode, and a backlight 1 3. 

The liquid crystal panel 12 includes a pair of transparent substrates 14 
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and 15. The substrates 14 and 15 are separated from each other by sealant 15a 
so as to keep a predetermined interval between the substrates 14 and 15. A liquid 
crystal 16 is arranged between the substrates 14 and 15. For example, the 
substrates 14 and 1 5 are made of glass. The substrate 14 is arranged adjacent to 
5 the backlight 13. A plurality of transparent electrodes 17 is formed on the surface 
of the substrate 14 corresponding to the liquid crystal 16 so as to form parallel 
stripes in shape. A polarizing plate 1 8 is formed on the surface of the substrate 14 
at the side opposite to the liquid crystal 1 6. 

10 The liquid crystal panel 12 also includes color filters 19 and a planarizing 

film 19a for planarizing the unevenness caused by the color filters 19. The color 
filters 19 and the planarizing film 19a are formed on the surface of the substrate 
15 corresponding to the liquid crystal 16. Transparent electrodes 20 are formed 
on the planarizing film 19a so as to extend in a direction perpendicular to the 

15 electrodes 17. A polarizing plate 21 is formed on the surface of the substrate 15 
opposite to the surface of the substrate 1 5 on which the electrodes 20 are formed. 
The electrodes 17 and 20 are made of ITO (Indium Tin Oxide). Each of the 
intersections of the electrodes 17 and 20 forms a sub pixel of the liquid crystal 
panel 11. The sub pixels are arranged so as to form a matrix. Three of the sub 

20 pixels that respectively correspond to R (red), G (green) and B (blue) constitute a 
pixel. The sub pixels can be driven in each line for display by scanning of the 
electrodes 17. 
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As shown in FIGs. 1 and 2, the backlight 13 is a light-emitting device. The 
backlight 13 includes a substrate 22 and an organic EL device 23 that has an 
organic EL layer containing organic EL material. The organic EL device 23, or a 
5 light source body that generates light, is formed on the substrate 22. The 
backlight 13 is arranged such that the substrate 22 is located adjacent to the 
liquid crystal panel 12. That is, the backlight 13 is arranged at the back side of the 
liquid crystal panel 12. The backlight 13 is a bottom emission type backlight in 
which the light exits from the side of the substrate 22. The substrate 22 is made of 
10 glass. 

A first electrode 24, an organic EL layer 25 containing organic EL material, 
and a second electrode 26 are layered on the substrate 22 in order of mention so 
as to constitute the organic EL device 23. The first electrode 24, the organic EL 
15 layer 25 and the second electrode 26 are planar. The first electrode 24, the 
organic EL layer 25 and the second electrode 26 are defined as same shape and 
same size of the liquid crystal panel 12, so that the light at whole area of the 
backlight 13 can be hit at whole area of the liquid crystal panel 12. 

20 A buffer layer 27 is layered on the second electrode 26, and a reflecting 

mirror 28 as a reflector is layered on the buffer layer 27. The buffer layer 27 and 
the reflecting mirror 28 are planar. The buffer layer 27 and the reflecting mirror 28 
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are defined as same shape and same size of the liquid crystal panel 12. 

The organic EL device 23 is covered with a passivation film 29 in order 
not to contact air. In the present preferred embodiment, the passivation film 29 is 
5 formed so as to cover the first electrode 24, all end faces of the organic EL layer 
25, the second electrode 26 and the buffer layer 27, and the surface of the 
reflecting mirror 28. The passivation film 29 is made of material through which 
water does not permeate, for example, silicon nitride (SiN x ) and silicon oxide 
(SiO x ). 

10 

The organic EL layer 25, for example, has a known structure that has at 
least three layers including a hole injection layer, a luminous layer and an electron 
injection layer. The hole injection layer, the luminous layer and the electron 
injection layer are layered in order of mention from the side of the first electrode 
15 24. The organic EL layer 25 is constituted of a white luminous layer. 

The first and second electrodes 24 and 26 are formed so as to function 
as half mirrors that partially reflect light. Each of the first and second electrodes 
24 and 26 is formed at the thickness of 30nm or less, so as to have light 
20 penetrability. In the preferred embodiment, the first electrode 24 serves as an 
anode, and the second electrode 26 serves as a cathode. The first and second 
electrodes 24 and 26 are made of metal. In the preferred embodiment, the first 
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electrode 24 is made of chromium, and the second electrode 26 is made of 
aluminum. The buffer layer 27 is made of transparent material. In the preferred 
embodiment, the buffer layer 27 is made of oxide film, more particularly silicon 
oxide. The reflecting mirror 28 does not have penetrability and totally reflects the 
5 light. Also, the reflecting mirror 28 is made of metal, aluminum in the preferred 
embodiment. 

As shown in FIG. 2, in the backlight 13, the organic EL layer 25 is 
sandwiched between a surface 24a of the first electrode 24 and a surface 26a of 

10 the second electrode 26 that face each other. The surfaces 24a and 26a as 
reflecting surfaces and the organic EL layer 25 constitute a first resonant layer 31 . 
The buffer layer 27 is sandwiched between a surface 26b of the second electrode 
26 and a surface 28a of the reflecting mirror 28 that face each other. The surfaces 
26b and 28a as reflecting surfaces and the buffer layer 27 constitute a second 

15 resonant layer 32. The surfaces 24a and 28a as reflecting surfaces, the organic 
EL layer 25, the second electrode 26 and the buffer layer 27 constitute a third 
reflecting layer 33. The organic EL layer 25, the second electrode 26 and the 
buffer layer 27 are sandwiched between the surfaces 24a and 28a of the third 
reflecting layer 33. As mentioned above, in each of the resonant layers 31 

20 through 33, the surfaces of two reflectors are faced at a particular distance from 
each other. Also, since the first and second electrodes 24 and 26 are translucent 
reflectors, at least one of the reflectors is a translucent reflector in each of the 
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resonant layers 31 through 33. The first, second and third resonant layers 31 
through 33 are formed adjacent to each other in a overlapping direction which the 
first, second and third resonant layers 31 through 33 overlap. The first electrode 
24 serves as a reflector for the first and the third resonant layers 31 and 33. The 
5 second electrode 26 serves as a reflector for the first and second resonant layers 
31 and 32. The reflecting mirror serves as a reflector for the second and third 
resonant layers 32 and 33. 



As mentioned above, the backlight includes the first electrode 24 or a first 
io reflector, the second electrode 26 or a second reflector, and the reflecting mirror 
28 or a third reflector in order from a light output side or a first side through which 
the light is output. The first electrode 24 is arranged at the light output side. The 
second electrode 26 is arranged adjacent to the first electrode 24 at a second 
side opposite to the light output side. The reflecting mirror 28 is arranged adjacent 
15 to the second electrode 26 at the second side. Namely, the first and second 
electrodes 24 and 26 and the reflecting mirror 28 are arranged in the overlapping 
direction, that is, in a direction in which the first and second electrodes 24 and 26 
and the reflecting mirror 28 overlap. Both surfaces 26a and 26b of the second 
electrode 26 are reflecting surfaces. The surface 26a faces the surface 24a that is 
20 a reflecting surface of the first electrode 24. The surface 26b faces the surface 
28a that is a reflecting surface of the reflecting mirror 28. 
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In the present preferred embodiment, a wavelength A1 denotes the 
wavelength of a first light resonated by the first resonant layer 31 . A wavelength 
A2 denotes the wavelength of a second light resonated by the second resonant 
layer 32. A wavelength A3 denotes the wavelength of a third light resonated by 
5 the third resonant layer 33. Also, a thickness t1 denotes the thickness of the first 
resonant layer 31 , a thickness t2 denotes the thickness of the second resonant 
layer 32, and a thickness t3 denotes the thickness of the third resonant layer 33. 
The thickness t1 corresponds to the distance between the surface 24a of the first 
electrode 24 and the surface 26a of the second electrode 26, which are reflecting 

10 surfaces and which face each other. The thickness t2 corresponds to the distance 
between the surface 26b of the second electrode 26 and the surface 28a of the 
reflecting mirror 28, which are reflecting surfaces and which face each other. The 
thickness t3 corresponds to the distance between the surface 24a of the first 
electrode 24 and the surface 28a of the reflecting mirror 28, which are reflecting 

15 surfaces and which face each other. Also, the thickness t1 corresponds to the 
distance between the first and second electrodes 24 and 26, which resonate the 
first light with the wavelength A1 . The thickness t2 corresponds to the distance 
between the second electrode 26 and the reflecting mirror 28, which resonate the 
second light with the wavelength A2. The thickness t3 corresponds to the distance 

20 between the first electrode 24 and the reflecting mirror 28, which resonate the 
third light with the wavelength A3. 
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The thickness t1 , t2 and t3 are respectively determined so as to be equal 
to lengths that the wavelengths of the first, second and third lights resonated 
respectively by the resonant layers 31 through 33 are multiplied by natural 
numbers. Namely, the following equations (1) through (3) are satisfied: 
5 t1 = (ml x A1)/2 (1) 

t2 = (m2 x A2) / 2 (2) 

t3 = (m3 x A3) / 2 (3) 

where ml , m2 and m3 are natural numbers. 

10 In the present preferred embodiment, the resonant layers 31 through 33 

are formed such that the wavelength A3 satisfies the following equations (4) 



through (6): 

t1 = (n1 x A1)/2 (4) 

t2 - (n2 x A2) / 2 (5) 

15 t1 + 12 = (n3 x A3) / 2 (6) 



where n1 , n2 and n3 are natural numbers. 

Namely, the sum of the thickness t1 of the first resonant layer 31 and the 
thickness t2 of the second resonant layer 32 is substantially equal to the 
20 thickness t3 of the third resonant layer 33. 

In the preferred embodiment, the first resonant layer 31 resonates B light, 
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the second resonant layer 32 resonates G light, and the third resonant layer 33 
resonates R light. The wavelength A1 is the wavelength of the B light, the 
wavelength A2 is the wavelength of the G light, and the wavelength A3 is the 
wavelength of the R light. In the present preferred embodiment, n1 , n2 and n3 are 
5 respectively determined to be equal to 3, 1 and 3. 

As mentioned above, the wavelengths A1 , A2 and A3 of the lights that are 
amplified by resonance are respectively determined to be equal to target 
wavelengths corresponding to B, G and R. 

10 

Wave ranges of B, G and R lights that are amplified are respectively 
selected from the following desired ranges: 

A1 (B) = 430nm ~ 500nm; 

A2 (G) = 520nm ~ 560nm; and 
15 A3 (R) = 570nm ~ 650nm. 

Since the wave ranges of the R and B lights being located in the ends of a visible 
light range are generally broader than those of the other colors, the wave ranges 
of R and B are broader than that of G light. The wave range of G light is located in 
the middle of the visible light range. When a wavelength slightly changes around 
20 the G light range, the color of the light changes to yellow or light blue. Therefore, 
the width of the G light range is 40nm, which is narrow. Since the relationship 
between color and wavelength in natural light is slightly different from the 



relationship between color and wavelength in the liquid crystal display unit and TV, 
the R light range is determined so as to include a short wavelength compared to 
the R light range of the natural light. 



5 The above-constructed backlight 13 is manufactured by vapor deposition 

of the first electrode 24, the organic EL layer 25, the second electrode 26, the 
buffer layer 27, the reflecting mirror 28 and the passivation film 29 on the 
substrate 22 in order of mention. 

10 Next, the action of the above-constructed liquid crystal display unit 11 will 

be described. A drive control device that is not shown in figures applies a voltage 
to the liquid crystal panel 12 between the electrodes 17 and 20, so that the 
desired pixel is capable of being penetrated. 



15 Meanwhile, when the backlight 13 is switched on, the drive control device 

applies a voltage to the backlight 13 between the first and second electrodes 24 
and 26, and the organic EL device 23 emits white light including a plurality of 
colors. In FIG. 3, a first line 37 indicated by a two-dot chain line denotes the 
spectrum of the white light emitted from the organic EL layer 25. 

20 

There is light emitted from the organic EL layer 25 that is reflected by the 
surfaces 24a and 26a in the first resonant layer 31 . The thickness t1 is equal to 
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the value that the half of the wavelength of the above light is multiplied by a 
natural number. In this case, the B light is resonated by the first resonant layer 31 
and amplified. The B light is amplified by resonance from the B light in the white 
light. The amplified B light goes out from the substrate 22 through the first 
5 electrode 24, which is formed so as to function as the half mirror, and reaches the 
liquid crystal panel 12. 

There is light emitted from the organic EL 25 that passes through the 
second electrode 26 formed so as to function as the half mirror, and that is 

10 reflected by the surfaces 28a and 26b in the second resonant layer 32. The 
thickness t2 is equal to the value that the half of the wavelength of the above light 
is multiplied by a natural number. In this case, the G light is resonated by the 
second resonant layer 32 and amplified. The amplified G light goes out from the 
substrate 22 through the second electrode 26, the organic EL layer 25 and the 

15 first electrode 24, and reaches the liquid crystal panel 12. 

There is light emitted from the organic EL layer 25 that is reflected by the 
surfaces 24a and 28a in the third resonant layer 33. The thickness t3 is equal to 
the value that the half of the wavelength of the above light is multiplied by a 
20 natural number. In this case, the R light is resonated by the third resonant layer 
33 and amplified. The amplified R light goes out from the substrate 22 and 
reaches the liquid crystal panel 12. In FIG. 3, a second line 38 indicated by a solid 
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line shows a spectrum of the light that exits from the substrate 22. As shown by 
the second line 38, the quantities of the light of R (A1), G (A2) and B (A3) are 
sharply separated. As seen that the peaks of the quantities of the R, G and B 
lights in the second spectral line 38 are higher than in the first spectral line 37, the 
5 resonated R, G and B lights are amplified from the R, G and B lights of the white 
light. 

In the light that has the spectrum shown by the second line 38 and that 
reaches the liquid crystal panel 12, only the light going to the sub-pixels that is 
10 capable of being penetrated comes out to the light output side of the liquid crystal 
panel 12. At the time, the light passes through the sub pixels of R (red), G (green) 
or B (blue), which are not shown, in the color filters 19, and the combination of 
theses colors R, G and B makes a desired color. In this way, an image is to be 
displayed in a transmissive mode. 

15 

In a reflective mode, the backlight 13 is switched off, the drive control 
device turns off applying the voltage to the backlight 13 between the first and 
second electrodes 24 and 26, and the organic EL device 23 stops emission. In 
the state, ambient light comes into the backlight 13 through the liquid crystal 
20 panel 12. The ambient light is reflected by the first and second electrodes 24 and 
26 and the reflecting mirror 28 and reaches the liquid crystal panel 12. In the 
ambient light that passes through the first electrode 24 and reaches the organic 
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layer 25, the B, R and G lights are respectively resonated by the first, second and 
third resonant layers 31 through 33 and travel through the liquid crystal panel 12. 

As mentioned above, in the liquid crystal display unit 11, the structure of 
5 an optical resonance mirror for resonating the lights with the wavelengths 
corresponding to R, G and B colors is inserted into an organic EL backlight, or the 
backlight 13. The spectrum indicated by the second line 38 that shows an 
emission pattern, in which the quantities of the R, G and B lights are sharply 
separated, is obtained as shown in FIG. 3. Therefore, the decrease in light 
10 transmission at the color filters 19 of the liquid crystal panel 12 is reduced, and a 
bright display is obtained. Also chromaticity is improved. 

According to the preferred embodiment, the following advantageous 
effects are obtained. 

15 

(1) The backlight 13 includes a light source body (the organic EL device 
23) and the second resonant layer 32. Also, the organic EL device 23 is formed 
as the first resonant layer 31 , and the backlight 13 includes a plurality of resonant 
layers. Therefore, the light with a plurality of colors can be resonated, can be 

20 amplified and can exit from the backlight 13, resulting in improved brightness. 

(2) The light source body (the organic EL device 23) emits the white light. 
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Therefore, since the particular wavelengths of the lights that are amplified by the 
first, second and third resonant layers 31 through 33 can be randomly selected, 
an additional layer for converting color need not be provided. 

5 (3) The light source body is the organic EL device 23. Therefore, 

compared to the case that the light source body is a non-organic EL device, 
working voltage is lower. 

(4) The organic EL layer 25 is combined with the first resonant layer 31 as 
10 well as a part of the third resonant layer 33. Therefore, compared to the case that 
the organic EL layer 25 is separately provided from the first and third resonant 
layers 31 and 33, the thickness of the light-emitting device, or the backlight 13, is 
reduced. 

15 (5) The first, second and third resonant layers 31 through 33 are formed 

so as to resonate the light with a different wavelength respectively. Therefore, the 
light with a plurality of predetermined colors can be amplified by resonance and 
can be taken out from the white light. 

20 (6) The first and second resonant layers 31 and 32 are formed so as to be 

adjacent to each other in the overlapping direction. The first and second resonant 
layers 31 and 32 need to be formed at different thicknesses, in order to resonate 
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the light with a different wavelength. For example, assuming a configuration that 
the first and second resonant layers 31 and 32 do not overlap and are arranged in 
a lateral direction, that is, the each resonator is divided into multiple areas and 
disposed on the common substrate in a direction perpendicular to the light output 
5 direction in which the light is output from the display unit 11 , it is difficult to form 
the first and second resonant layers 31 and 32 at the different thicknesses on the 
common substrate. However, it is easy to form the first and second resonant 
layers 31 and 32 at the different thicknesses by forming the first and second 
resonant layers 31 and 32 so as to overlap. Meanwhile, when the first and second 

10 resonant layers 31 and 32 do not overlap and are arranged in the lateral direction, 
only single wavelength of the light is amplified at each area of the first and second 
resonant layers 31 and 32. For example, the B light is taken out from only a 
particular area where the first resonant layer 31 is formed, but not taken out from 
different area where the second resonant layer 32 is formed. Therefore, the 

15 effectively utilized light is limited in the whole area of backlight. In the G light, the 
effectively utilized light is also limited in a same manner. However, when the first 
and second resonant layers 31 and 32 are formed so as to overlap, the B light 
and the G light are taken out from the light emitted from the light source at whole 
area of the light source. Therefore, the light emitted from the light source is more 

20 effectively utilized. 

(7) In each of the first, second and third resonant layers 31 through 33, 
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the surfaces of two translucent reflectors, which are formed with a distance from 
each other in the overlapping direction, face each other. Each of the first, second 
and third resonant layers 31 through 33 can be formed in a simple structure by 
determining such that the interval between the two reflector surfaces is equal to 
5 the length that the half of the wavelength of the resonated light is multiplied by a 
natural number. 

(8) The first electrode 24 that is the reflector of the first resonant layer 31 
is combined with the reflector of the third resonant layer 33. Also, the reflecting 

10 mirror 28 that is the reflector of the second resonant layer 32 is combined with the 
reflector of the third resonant layer 33. Furthermore, the second electrode 26 that 
is the reflector of the first resonant layer 31 is combined with the reflector of the 
second resonant layer 32. Therefore, the number of the reflectors does not 
relatively increase. 

15 

(9) The first and second electrodes 24 and 26 are formed so as to 
function as the half mirrors and are combined with the reflectors of the first 
resonant layer 31 . Therefore, the thickness of the backlight 13 is reduced. 

20 (10) Three resonant layers are formed by forming each reflector so as to 

satisfy the above-mentioned equations (1) through (3), and three kinds of lights 
are amplified. 
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(11) Since the wavelengths A1 , A2 and A3 and the natural numbers n1 , n2 
and n3 are determined so as to satisfy the above-mentioned equations (4) 
through (6), three kinds of lights can be amplified with only three reflectors. 
5 Therefore, the thickness of the light-emitting device can be small, and the 
decrease in light transmission can be reduced. Also, the third resonant layer 33 
can be easily formed by utilizing the first and second resonant layers 31 and 32, 
which are adjacent to each other in the overlapping direction. 

10 (12) The first, second and third lights, which are resonated by the first, 

second and third resonant layers 31 through 33 respectively, are the B, G and R 
lights respectively. Therefore, the light with the three primary colors can be 
amplified by resonance and can be taken out from the white light. In an RGB color 
liquid crystal display unit, for example, when the R light resonated by the resonant 

15 layer penetrates a color filter of R, the resonant layer is arranged at the second 
side opposite to the light output side with respect to the color filter 19. Therefore, 
the brightness and color purity is improved. 

(13) The backlight 13 including the organic EL device 23, the first, second 
20 and third resonant layers 31 through 33 is fixed to the transmissive liquid crystal 
panel 12. Therefore, the light with a predetermined color can be amplified by 
resonance and can be taken out, and a bright display can be obtained. 
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(14) A total reflection mirror (the reflecting mirror 28) is arranged at the 
second side opposite to the light output side with respect to the organic EL layer 
25. Therefore, the light with a predetermined color from the backlight 13 is 

5 amplified by the resonance, and the bright display is obtained. Also, the reflecting 
mirror 28 reflects the lights that are resonated by the resonant layers 31 through 
33. As a result, the amount of the lights to be taken out increases effectively. 

(15) The R, G and B lights are amplified by the resonance by the first, 
10 second and third resonant layers 31 through 33 and are taken out from the 

backlight 13. Therefore, the decrease in light transmission at the color filters 19 is 
reduced, and a bright display is obtained. Also, the chromaticity is improved. 

(16) The R, G and B lights resonated by the first, second and third 
15 resonant layers 31 through 33 respectively penetrate the color filters 19. For 

example, the R light resonated by the third resonant layer 33 penetrates an R 
filter. It is also similar as for G and B filters. Therefore, in the light that is emitted 
from the backlight 13, the light with the same color as the color filter is resonated 
by the resonant layer and reaches the color filter. Also, the light with the color that 
20 is different from the color filter is weakened and reaches the color filter. As a result, 
the thickness of the color filter can be small, and the decrease in light 
transmission at the color filter is reduced further. Also, the color purity of the light 
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that penetrates the color filter is enhanced. 

(17) The color filters 19 include R, G and B colors. The light with the three 
primary colors, which is amplified from the white light by resonance, penetrates 
5 the color filters 1 9. Therefore, the brightness and the color purity is improved. 

The present invention is not limited to the above-mentioned preferred 
embodiment, and, for example, the following alternative embodiments may be 
practiced. The same reference numerals denote the substantially identical 
io elements as those in the above-mentioned preferred embodiment. 

i ) The organic EL device 23 is not limited to be layered on the substrate 
22, and the buffer layer 27 is not limited to be layered on the organic EL device 23 
in a first alternative preferred embodiment. The buffer layer 27 may be layered on 

15 the substrate 22, and the organic EL device 23 may be layered on the buffer layer 
27. For example, as shown in FIG. 4, a half mirror 51 made of metal is layered on 
the substrate 22, and the buffer layer 27 is layered on the half mirror 51 . The first 
electrode 24, the organic EL layer 25 and the second electrode 26 are layered on 
the buffer layer 27 in order of mention. The first electrode 24 is layered so as to 

20 function as a half mirror, and the second electrode 26 is also layered so as to 
function as a mirror. The passivation film 29 is layered so as to cover the whole 
area. In this case, the reflecting surfaces of a second reflecting layer 52 consist of 
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a surface 51 a of the half mirror 51 at the side of the buffer layer 27 and a surface 
24b of the first electrode 24 at a side opposite to the organic EL layer 25. The 
reflecting surfaces of a third resonant layer 53 consist of the surface 51a and a 
surface 26a of the second electrode 26 at the side of the organic EL layer 25. 
5 There are the buffer layer 27, the first electrode 24 and the organic EL layer 25 
between the surfaces 26a and 51a. In the structure, the half mirror 51 and the 
buffer layer 27 are formed before forming the organic EL device 23. Accordingly, 
the half mirror 51 and the buffer layer 27 can be formed without carefully 
controlling the layers' temperature that could affect a decay of the organic EL 
10 layer 25. Therefore, with respect to manufacturing a product, the backlight 13 of 
the first alternative preferred embodiment is formed more easily than the 
backlight 13 of the above-mentioned preferred embodiment. 

ii ) The natural numbers n1 , n2 and n3 of the above-mentioned 
15 equations (4) through (6) are not limited to be 3, 1 and 3 respectively in a second 
alternative preferred embodiment. As the thickness of the backlight 12 decreases, 
the decrease in light transmission reduces. Therefore, it is preferable that the 
natural numbers n1 , n2 and n3 are smaller. 

20 ill) The above-mentioned equations (4) through (6) may not be required 

in a third alternative preferred embodiment. The first resonant layer 31 is not 
limited to be adjacent to the second resonant layer 42 in the overlapping direction. 
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For example, another layer may be interposed between the first and second 
resonant layers 31 and 32, and the first and second resonant layers 31 and 32 
may be formed at a distance from each other in the overlapping direction. For 
example, as shown in FIG. 5, the buffer layer 27 is layered on the half mirror 51 , 
5 which is formed on the substrate 22, and a half mirror 55 is layered on the buffer 
layer 27. A buffer layer 56 is layered on the half mirror 55, and the organic EL 
device 23 is layered on the buffer layer 56. And then, the reflecting surfaces of a 
second resonant layer 58 comprise a surface 51a of the half mirror 51 and a 
surface 55a of the half mirror 55 at the side of the buffer layer 27. The reflecting 

10 surfaces of a third resonant layer 59 comprise the surface 51a and the surface 
26a of the second electrode 26 at the side of the organic EL layer 25. There are 
the buffer layer 27, the half mirror 55, the buffer layer 56, the first electrode 24 
and the organic EL layer 25 between the surfaces 26a and 51a. The thickness of 
the third buffer layer 56 is determined such that the interval between the surfaces 

15 26a and 51 a is equal to a length that the half of the wavelength A3 is multiplied by 
a natural number. In this case, after the thickness t1 and t2 are determined, the 
thickness t3 can be determined by determining the thickness of the third buffer 
layer 56. Therefore, degree of freedom in designing is improved. 

20 iv) In a fourth alternative preferred embodiment, one of the reflecting 

surfaces of the first resonant layer or one of the reflecting surfaces of the second 
resonant layer may be served as only one of the reflecting surfaces of the third 
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resonant layer For example, as shown in FIG. 6, the second resonant layer 52 
and the first resonant layer 31 are arranged on the substrate 22. A transparent 
buffer layer 60 and a reflecting mirror 61 are layered on the second electrode 26 
in order of mention. The passivation film 29 is layered on the reflecting mirror 61 . 
5 The reflecting surfaces of a third resonant layer 62 comprise the surface 51a of 
the half mirror 51 and a surface 61a of the half mirror 61. There are the buffer 
layer 27, the first electrode 24, the organic EL layer 25, the second electrode 26 
and the buffer layer 60 between the surfaces 51a and 61a. The thickness of the 
buffer layer 60 is determined such that the interval between the surfaces 51 a and 
10 61 a is equal to a length that the half of the wavelength A3 is multiplied by a natural 
number In this case also, after the thickness t1 and t2 are determined, the 
thickness t3 can be determined by determining the thickness of the buffer layer 
60. Therefore, degree of freedom in designing is improved. 



15 v) Each resonant layer may be formed so as not to share the reflecting 

surfaces of the other resonant layers in a fifth alternative preferred embodiment. 
For example, as shown in FIG. 7, in a state that the organic EL device 23 and the 
buffer layer 27 are formed on the substrate 22 in order of mention, the half mirror 
65 is layered on the buffer layer 27. And then, a buffer layer 66 is layered on the 

20 half mirror 65, and a reflecting mirror 67 is layered on the buffer layer 66. The 
passivation layer 29 is layered on the reflecting mirror 67. A couple of reflecting 
surfaces of a second resonant layer 68 comprises the surface 26b of the second 
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electrode 26 and a surface 65a of the half mirror 65. A couple of reflecting 
surfaces of a third resonant layer 69 comprises a surface 65b of the half mirror 65 
and a surface 67a of the reflecting mirror 67. According to this embodiment, in 
case of the thickness of any resonant layers being different from a desired value, 
5 the difference does not affect the thickness of the others, because each resonator 
is provided independently from each other. Therefore, the difference does not 
affect the resonance of the other resonant layers. 

vi) The distance between the surface 24a of the first electrode 24 and the 
10 surface 26a of the second electrode 26 that face each other may be smaller than 

the half of the wavelength of the resonated light in a sixth alternative preferred 
embodiment. It is assumed that a couple of surfaces of the first resonant layer 
comprises the surface 24a and the surface 65a of the half mirror 65 at the side of 
organic EL layer 25 in FIG. 7. In this case, thickness required for resonating by 
15 the first resonant layer can be ensured by determining the thickness of the buffer 
layer 27. Therefore, the thickness of the organic EL layer 25 can be smaller than 
the half of the wavelength of the light resonated by the first resonant layer. 

vii) The organic EL layer 25 may not be combined with the resonant layer 
20 in a seventh alternative preferred embodiment. As shown in FIG. 8, a backlight, in 

which the organic EL device 23 is formed on the substrate 22 and is covered with 
the passivation film 29, is provided. An optical resonator 70 is arranged between 
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the backlight and the liquid crystal panel. The first electrode 24 is made of ITO so 
as to be a transparent electrode, and the second electrode 26 is made of 
aluminum so as to be a reflecting electrode. In the optical resonator 70, a half 
mirror 72, a transparent buffer layer 73, a half mirror 74, a transparent buffer layer 
5 75 and half mirror 76 are layered on a glass substrate 71 in order of mention. A 
couple of surfaces of a first resonant layer 77 comprises a surface 72a of the half 
mirror 72 and a surface 74a of the half mirror 74 at the side of the buffer layer 73. 
A couple of surfaces of a second resonant layer 78 comprises a surface 74b of 
the half mirror 74 and a surface 76a of the half mirror 76 at the side of the buffer 
10 layer 75. A couple of surfaces of a third resonant layer 79 comprises the surfaces 
72a and 76a. In this case, the optical resonator 70 is formed separately from the 
backlight 13 and is fixed to the backlight 13. Therefore, a resonant layer can be 
fixed to an existing backlight. 



15 The optical resonator 70 includes the first resonant layer 77, in which the 

surface 72a of the half mirror 72 arranged at the light output side faces the 
surface 74a of the half mirror 74. Also, the optical resonator 70 includes the 
second resonant layer 78, in which the surface 74b of the second half mirror 74 
faces the surface 76a of the half mirror 76, and the third resonant layer 79, in 

20 which the surface 72a of the half mirror 72 faces the surface 76a of the third half 
mirror 76. Therefore, the light with a predetermined wavelength can be resonated 
by determining the distance between both reflecting surfaces. The light with a 
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predetermined color can be amplified from the light emitted at the backlight 13, 
and brightness is improved. 



The optical resonator 70 is formed separately from the backlight 1 3 and 
5 then is fixed to the backlight 13. Therefore, a resonant layer can be fixed to an 
existing backlight, and even the light emitted from an existing light source body 
can be amplified. Also, when the organic EL device 23 serves as the backlight 13, 
for example, the optical resonator 70 can be formed without carefully controlling 
the layers' temperature that could affect a decay of the organic EL layer 25. 
10 Therefore, with respect to manufacturing a product, the backlight 13, to which the 
resonant layer is fixed, is easily formed. 

In each of the first and second resonant layers 77 and 78, the reflectors 
formed on both surfaces of the transparent layer (the buffer layer) are half mirrors. 
15 Therefore, both reflectors can be formed in a same procedure. 

viii) In an eighth alternative preferred embodiment, when the resonant 
layers 77 through 79 are formed as mentioned above, the half mirror 76, the 
buffer layer 75, the half mirror 74, the buffer layer 73 and the half mirror 72 may 
20 be layered on the substrate 22 of the backlight 13 at the side opposite to the 
organic EL device 23 in order of mention so as to form the resonant layers 77 
through 79. 
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ix) The above-mentioned optical resonator 70 may be arranged at any 
position between the color filters 19 and the organic EL layer 25 in a ninth 
alternative preferred embodiment. For example, the optical resonator 70 may be 

5 arranged in the liquid crystal panel 12 as shown in FIG. 9. 

x) All reflectors of the resonant layers may be translucent and may be 
arranged adjacent to the side of the liquid crystal display panel 12 rather than the 
side of an emission portion of the backlight 13, or the organic EL device 23, in a 

10 tenth alternative preferred embodiment. In this case, not only the light from the 
backlight 13 but also ambient light from the outside of the display unit 11 can be 
utilized for displaying. 

x i ) The above-mentioned optical resonator 70 may be arranged at the 
15 light output side with respect to the color filters 19 in an eleventh alternative 
preferred embodiment. In this case, the brightness is improved. 

x ii) An optical resonator is not limited to have a structure that includes 
three resonant layers in a twelfth alternative preferred embodiment. For example, 
20 two separate optical resonators one of which has single resonant layer and 
another of which has double resonant layers are provided, and one of the optical 
resonators may be fixed to the backlight 13, and the other optical resonator may 
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be arranged in the liquid crystal display panel 12. Alternatively, both optical 
resonators may be overlapped and may be fixed to the backlight 13. 

x iii) Although the above-mentioned optical resonator 70 includes the 
5 three resonant layers 77 through 79 in the above-mentioned seventh alternative 
preferred embodiment, one optical resonator may include one resonant layer in a 
thirteenth alternative preferred embodiment. For example, as shown in FIG. 10A, 
in an optical resonator 81 for resonating the B light, the substrate 71 , the half 
mirror 72, the buffer layer 73 and the half mirror 74 are formed in order of mention. 

10 The optical resonator 81 includes a resonant layer 81a for resonating the B light 
as a first resonant layer in which surfaces 72a and 74a face each other. Similarly, 
as shown in FIG. 10B, an optical resonator 82 includes a resonant layer 82a for 
resonating the G light as a second resonant layer, and an optical resonator 83 
includes a resonant layer 83a for resonating the R light as a third resonant layer. 

15 The optical resonators 81 through 83 for the R, G and B lights are manufactured 
individually, may be stacked up and may be fixed to the backlight 13. 

x iv) The above-mentioned optical resonator 70 may be formed so as to 
have flexibility in a fourteenth alternative preferred embodiment. For example, the 
20 optical resonator 70 may form a film. In this case, the substrate 71 of the optical 
resonator 70 is made of transparent resin so as to have flexibility. The optical 
resonator 70 can be applied to the light source body having a curved surface. 
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xv) In a fifteenth alternative preferred embodiment, when the optical 
resonator 70 is formed so as to have flexibility as mentioned above, the thickness 
of the optical resonator 70 may be larger than that of a film. For example, the 

5 optical resonator 70 may form a sheet. 

xvi) In a sixteenth alternative preferred embodiment, the first and 
second electrodes 24 and 26 of the organic EL device 23 may be transparent 
electrodes, and the optical resonator 70 may be arranged adjacent to a side 

10 opposite to the light output side of the backlight 13. And then, the reflector of the 
optical resonator 70 that is located furthest from the backlight 13 is a total 
reflection mirror, and the other reflectors are half mirrors. Also, in this case, a gap 
or a transparent solid body layer may be provided between the backlight 13 and 
the optical resonator 70. Accordingly, the optical resonator 70 functions as a 

15 reflector for amplifying the light with a predetermined wavelength. Therefore, for 
example, the amount of the light with the predetermined wavelength can be 
increased. 

xvii) In an seventeenth alternative preferred embodiment, the backlight 
20 13 may be a top emission type in which the light emitted from the organic EL 

device 23 is taken out from a side opposite to the side of the substrate 22. 
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xviii) Means that seal the organic EL device 23 are not limited to the 
passivation film 29 in a eighteenth alternative preferred embodiment. For 
example, a cover that blocks water and oxygen from permeating and that is made 
of transparent material such as glass may be arranged instead of the passivation 
5 film 29. A sealing member (e.g. polysilazane), which is not shown, may be 
arranged between the cover and the substrate 22, so as to prevent the organic 
EL layer 25 from being exposed to water and oxygen. 

x ix) In the structure of the bottom emission type, instead of the 
10 passivation film 29, the organic EL device 23 may be sealed by a sealing can (a 
sealing cover) made of metal in a nineteenth alternative preferred embodiment. 

xx) The buffer layers 27, 56, 60, 66, 73 and 75 may be made of 
transparent material, such as silicon nitride in a twentieth alternative preferred 
15 embodiment. Also, the buffer layers 27, 56, 60, 66, 73 and 75 may be constituted 
of transparent organic layers such as material of an overcoat for a color filter, or 
other non-organic layers. 

x x i ) The half mirrors in the above-mentioned preferred embodiment 
20 are not limited to be made of aluminum in a twenty-first alternative preferred 
embodiment. For example, the half mirror may be made of sliver. Or, the half 
mirrors may be made of alloy that is constituted of magnesium and silver. 
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x x ii ) In a twenty-second alternative preferred embodiment, the first 
electrode 24 may be made of silver, chromium, molybdenum, or an alloy that is 
composed of silver, chromium and molybdenum. Or, the first electrode 24 may be 
5 made of an aluminum-palladium-copper alloy. 

x x iii) A plurality of resonant layers for resonating the light with the 
same wavelength may be layered in a twenty-third alternative preferred 
embodiment. In this case, compared to the case that only one resonant layer 
10 amplifies the light with the wavelength, the light with the wavelength is amplified 
further. 

x x iv) The first electrode 24 may be a cathode, and the second 
electrode 26 may be an anode in a twenty-fourth alternative preferred 
15 embodiment. 

xxv) The liquid crystal panel 12 may be a transmissive type or a 
semi-transmissive type. The liquid crystal panel 12 is not limited to employ the 
passive matrix mode and, for example, may employ an active matrix mode in a 

20 twenty-fifth alternative preferred embodiment. 

xxvi) The backlight 13 is not limited to have a structure for emitting light 
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at its whole area in a twenty-sixth alternative preferred embodiment. For example, 
the backlight 13 may be divided into a plurality of areas that are capable of 
lighting individually, and the areas corresponding to pixels of the liquid crystal 
panel 12 may selectively light . In this case, compared to the backlight 13 that has 
5 the structure for emitting light at its whole area, the electrical power consumption 
can be reduced. 

xxvii) In a twenty-seventh alternative preferred embodiment, the 
light-emitting device is not limited to the backlight 13 of the liquid crystal display 
10 unit 11 , and, for example, the light-emitting device may be formed as a room lamp 
of a vehicle or as a lighting unit to hang in an interior. In this case, compared to a 
lighting unit including a conventional light-emitting device as a light source, the 
color of the light is vivid. 

15 xxviii) In a twenty-eighth alternative preferred embodiment, the light 

source body is not limited to the organic EL device, and, for example, the light 
source body may be a non-organic EL device. Also, the light source body may be 
a device other than the EL device. The optical resonator 70 can amplify the light 
with a predetermined wavelength from any light source body. 

20 

x x ix) In a twenty-ninth alternative preferred embodiment, the 
resonated lights are not limited to include R, G and B colors and may include 
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other colors. 



x x x) In a thirtieth alternative preferred embodiment, the number of the 
colors of the resonated lights is not limited to three. For example, the number may 
5 be two. 

x x x i ) In a thirty-first alternative preferred embodiment, the optical 
resonator 70 may include four resonant layers or more. For example, the 
resonant layers may be provided so as to resonate the lights with a combination 
10 of four colors or more other than red, blue and green. 

x x x ii ) The light source body is not limited to emit the white light in a 
thirty-second alternative preferred embodiment. 

15 x x x iii) The liquid crystal display may be a monochrome liquid crystal 

display panel in a thirty-third alternative preferred embodiment. 

The present examples and embodiments are to be considered as 
illustrative and not restrictive, and the invention is not to be limited to the details 
20 given herein but may be modified within the scope of the appended claims. 
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